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(54) Drum type washing machine with aligning structure lor rotor and stator of drive motor 



(57) A drum type washing machine includes an 
outer cabinet (121), a water tub (26) mounted in the 
outer cabinet (121) and having a rear end plate (26a), a 
generally drum-shaped rotating tub (33) rotatably 
mounted in the water tub (26) and having a rear wall, a 
rotating tub shaft (43) mounted on a center of the rear 
wall of the rotating tub (33) and having a rear end pro- 
jecting reanward to be located in the rear of the rear end 
plate (26a) of the water tub (26), an electric motor (52) 
for rotating the rotating tub (33) via the rotating tub shaft 
(43), the motor (52) including a stator (54) mounted on 
the rear end plate (26a) of the water tub (26) and a rotor 
(53) connected to the rear end of the rotating tub shaft 
(43), and an aligning structure for aligning a center of 
rotation of the rotor (53) and a center of the stator (54). 
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Description 

[0001 ] This invention relates generally to drum type 
washing machines, and more particularly to such a 
drum type washing machine including an electric motor s 
directly rotating a rotating tub. 

[0002] FIG. 14 illustrates one of conventional drum 
type washing machines. The shown drum type washing 
machine comprises an outer cabinet 1 and a water tub 
2 elastically supported by a plurality of suspension io 
mechanisms 3 in the cabinet. A drum-shaped rotating 
tub 4 is provided for rotation in the water tub 2. A bear- 
ing housing 6 is mounted on a rear wall of the water 
housing 2. The rotating tub 4 has a shaft 5 extending 
rearward from a rear thereof. The shaft 5 is supported is 
on bearings 7 and 8 held in the bearing housing 6. The 
shaft 5 has a rear end to which a driven pulley 9 is 
mounted. A motor support 10 is mounted on a lower 
portion of the water tub 2. An electric motor 1 1 is sup- 
ported by the motor support 1 0. The motor 1 1 includes 20 
a rotational shaft 12 on which a driving puiley 13 is 
mounted. A transmission belt 14 extends between the 
driving and driven pulleys 13 and 9. 
[0003] In the above-described construction, torque 
developed by the motor 1 1 is transmitted via the shaft 25 
12, driving pulley 13, belt 14 and driven pulley 9 to the 
shaft 5 so that the rotating tub 4 is rotated. However, a 
belt transmission mechanism including the driving and 
driven pulleys 13 and 9 and the belt 14 complicates the 
construction of the washing machine and accordingly 30 
increases the manufacturing cost. Furthermore, each of 
the pulleys 13 and 9 and the belt 14 produces oscillation 
or vibration in the transmission of motor tonque. In par- 
ticular, high-speed rotation of the motor 1 1 causes the 
belt 14 to slip, thereby swinging the belt. This increases 35 
the vibration produced by the belt transmission mecha- 
nism such that a loud noise is produced. 
[0004] To solve the above-described problem, the 
prior art has provided a drum type washing machine as 
shown in FIG. 15. The drum type washing machine 40 
shown in FIG. 15 comprises a water tub 2 and an elec- 
tric motor 21 provided on a rear wall of the water tub 2. 
More specifically, a mounting member 24 is fixed on the 
rear wall of the water tub 2 so as to cover a bearing 
housing 6. The motor 21 includes a stator 23 fixed to the 45 
mounting member 24. The motor 21 also includes a 
rotor 22 connected to a rear end of a shaft 5 of the rotat- 
ing tub. Japanese Patent Application Publication No. 9- 
182369 (1997) also discloses a drum type washing 
machine having the same construction as described so 
above. 

[0005] Torque developed by the motor 21 is directly 
transmitted to the shaft 5 and accordingly to the rotating 
tub 4 without a belt transmission mechanism in the 
aforesaid drum type washing machine. As a result, the ss 
construction of the driving mechanism for the rotating 
tub 4 is simplified and the manufacturing cost can be 
reduced accordingly. Furthermore, the vibration and 



noise can be reduced since no belt transmission mech- 
anism is required. 

[0006] Generally speaking, when a center of a sta- 
tor and a center of rotation of a rotor of an electric motor 
are displaced relative to each other, an air gap defined 
between the stator and rotor is varied depending upon a 
rotation angle. This reduces the accuracy of the motor 
and produces vibration and noise. Accordingly, the 
center of the stator and the center of rotation of the rotor 
need to agree with each other with the greatest circum- 
spection. The motor 11 as an end product is mounted 
on the lower portion of the water tub 2 in the conven- 
tional drum type washing machine. Accordingly, the 
center of the stator and the center of rotation of the rotor 
need not be aligned with each other regarding the motor 
11. 

[0007] On the other hand, the motor 21 includes a 
combination of the stator 23 fixed to the mounting mem- 
ber 24 and the rotor 22 fixed to the rear end of the shaft 
5. More specifically, the center of the stator 23 and the 
center of rotation of the rotor 22 need to be aligned with 
each other. Thus, the motor 21 needs to be mounted 
with the greater circumspection in the aforesaid direct- 
drive drum type washing machine than in the aforesaid 
drum type washing machine with the belt transmission 
mechanism. Further, laundry sometimes tends to be 
one-sided during a dehydrating operation regarding the 
aforesaid drum type washing machine with the belt 
transmission mechanism. When the laundry becomes 
one-sided, the magnitude of centrifugal force acting on 
a portion of the rotating tub 5 differs from the magnitude 
of centrifugal force acting on the other portion of the 
rotating tub. For example, when laundry in the rotating 
tub 4 is one-sided at an area A shown by the two-dot 
chain line In FIG. 14, a large centrifugal force F1 is 
applied to the area A, the bearings 7 and 8 in the bear- 
ing housing 6 are subjected to loads F2 and F3 respec- 
tively. 

[0008] Since bellows connect an opening side of 
the water tub to the outer cabinet in each of the afore- 
said drum type washing machine, a supporting struc- 
ture for the water tub tends to become more rigid than 
the one of an automatic washing machine of the vertical 
axis type. When a part of the rotating tub is subjected to 
a large centrifugal force F1 during the dehydrating oper- 
ation, the loads F2 and F3 acting on the respective 
bearings 7 and 8 are increased such that the bearing 
housing 6 and parts around the bearing housing would 
be deformed. In the drum type washing machine shown 
in FIG. 14, the motor 11 Is not almost affected by the 
loads F2 and F3 both acting on the bearing housing 6 
since the motor is mounted on the lower portion of the 
water tub 2. More specifically, the motor 1 1 is subjected 
to no large force other than the tension F4 of the belt 1 4. 
[0009] On the other hand, the stator 23 Is fixed on 
the mounting member 24 surrounding the bearing hous- 
ing 6 in the drum type washing machine shown in FIG. 
15. Accordingly, the stator 23 Is easy to be affected by 
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the loads F2 and F3. The positional relation between 
the rotor 22 and the stator 23 changes when the bearing 
housing 6 and the mounting member 24 are deformed 
by the loads F2 and F3. As a result, the center of the 
stator 23 and the center of rotation of the rotor 22 are 
displaced relative to each other. 
[0010] Furthermore, in the drum type washing 
machines, a washing/dehydrating capacity and a rota- 
tional speed in the dehydrating operation differ from one 
type to another. In the case of a drum type washing 
machine having a large washing/dehydrating capacity, 
the size of the rotating tub 4 is increased and a larger 
amount of laundry is accommodated in the rotating tub. 
Thus, the washing machine of the large capacity type 
requires a larger drive torque than that of the small 
capacity type. Further, the washing machine with a high 
rotational speed for the dehydrating operation requires 
a higher durability of the shaft 5 than that with a low 
rotational speed for the dehydrating operation. Accord- 
ingly, the diameter of the shaft 5 tends to be Increased. 
[0011] In view of the above-described problem, the 
construction of the connection between the shaft 5 and 
the driven pulley 9 or between the shaft 5 and the rotor 
22 needs to be changed according to the washing 
capacity, the dehydrating capacity or the rotational 
speed in the dehydrating operation. The construction of 
the connection between the shaft 5 and the driven pul- 
ley 9 Is changed in the following manner. The driven pul- 
ley 9 Is die-cast from aluminum and accordingly, the 
construction can easily be changed by cutting a portion 
of the driven pulley 9 connected to the shaft 5. On the 
other hand, when the shaft 5 and the rotor 22 are cut so 
that the construction of the connection between them Is 
changed, there Is a possibility that the center of the sta- 
tor 23 and the center of rotation of the rotor 22 may be 
displaced relative to each other. As a result, the air gap 
defined between the stator and rotor is varied such that 
the accuracy of the motor Is adversely affected. Conse- 
quently, the construction of the connection between the 
shaft 5 and the rotor 22 cannot easily be changed in the 
drum type washing machine of the direct drive type. 
[001 2] Therefore, an object of the present invention 
is to provide a drum type washing machine wherein an 
electric motor is provided on a rear wall of the water tub 
for directly driving the rotating tub and the center of rota- 
tion of the rotor and the center of the stator can easily be 
aligned with each other. 

[0013] The present invention provides a drum type 
washing machine which comprises an outer cabinet, a 
water tub mounted in the outer cabinet and having a 
rear end plate, a generally drum-shaped rotating tub 
rotatably mounted in the water tub and having a rear 
wall, a rotating tub shaft provided on a center of the rear 
wall of the rotating tub and having a rear end projecting 
rearward to be located in the rear of the rear end plate 
of the water tub, and an electric motor provided for rotat- 
ing the rotating tub via the rotating tub shaft, the motor 
including a stator provided on the rear end plate of the 



water tub and a rotor connected to the rear end of the 
rotating tub shaft, characterized by an aligning structure 
for aligning a center of rotation of the rotor and a center 
of the stator. 

5 [0014] According to the above-described construc- 
tion, the center of rotation of the rotor and the center of 
the stator can reliably be aligned with each other even 
though the stator Is provided on the rear end plate of the 
water tub and the rotor Is connected to the rear end of 

10 the rotating tub shaft. Consequently, the rotor and the 
stator can be mounted easily. 

[0015] In a preferred form, the aligning structure 
Includes a positioner formed integrally on an outer 
periphery of the bearing housing for radially positioning 

15 the stator. The position of the stator relative to the bear- 
ing housing can be prevented from being changed even 
when the bearing housing is subjected to load such that 
the bearing housing and the parts around the bearing 
housing are deformed. In other words, the position of 

20 the stator relative to the rotating tub shaft supported on 
the bearing housing and accordingly the rotor can be 
prevented from being changed. Consequently, the 
center of rotation of the rotor and the center of the stator 
are prevented from being deviated from each other and 

25 the dimension of the air gap between the stator and the 
rotator can be prevented from being deviated. 
[0016] In another preferred form, the stator is fixed 
to the bearing housing. Since the positioner and the sta- 
tor are mounted on the same member, the stator can be 

30 positioned accurately. Furthermore, the positioner pref- 
erably includes an abutting portion abutting against the 
stator radially outward, and the abutting portion has an 
axial dimension equal to or larger than an axial dimen- 
sion of the stator. The abutting portion of the positioner 

35 can be caused to abut against the stator even when the 
axial position of the stator is slightly shifted. 
[0017] In further another preferred fonn, the motor 
is of an outer rotor type, and the stator has such a gen- 
erally annular shape as to surround the bearing hous- 

40 ing. In this case, the stator has an inner circumferential 
face formed with an inwardly extending protrusion, and 
the positioner is constructed so as to abut against the 
protrusion. Alternatively, the positioner is formed into 
such a generally convex shape as to outwardly extend 

45 such that the protrusion abuts against the inner circum- 
ferential face of the stator. In each construction, the sta- 
tor can easily be radially positioned. 
[0018] In further another preferred form, the drum 
type washing machine further comprises a reinforce- 
so ment for reinforcing the rear end plate of the water tub. 
In this case, the bearing housing is formed integrally 
with the reinforcement, and the positioner is disposed 
on the outer periphery of the bearing housing so as to 
form a row with the reinforcement. Consequently, the 

55 strength of the positioner can be improved. 

[0019] In further another prefen-ed form, the align- 
ing structure includes a connecting member connecting 
the rotor and the rotating tub shaft to each other, Conse- 
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quently, the construction of the connection between the 
rotor and the rotating tub shaft can be changed only by 
changing the construction of the connecting member. 
Consequently, the center of rotation of the rotor and the 
center of the stator can be prevented from being devi- 
ated from each other. The connecting member prefera- 
bly includes a rotor connecting member mounted to the 
rotor and a shaft connecting member mounted to the 
rotating tub shaft. In this case, the rotor connecting 
member is formed on the rotor by an insert molding 
method, and the shaft connecting member is press fit- 
ted in the rotating tub shaft. Even when the rotor and the 
rotating tub shaft are connected by the rotor and shaft 
connecting members, a decrease in the strength of 
each connection can be prevented. 
[0020] The invention will be described, merely by 
way of example, with reference to the accompanying 
drawings, in which: 

FIG. 1 is an enlarged longitudinally sectional side 
view of an electric motor used in the drum type 
washing machine of a first embodiment in accord- 
ance with the present invention; 
FIG. 2 is a rear view of a bearing housing and a sta- 
tor with a rotor being removed; 
FIG. 3 is a longitudinally sectional side view of the 
drum type washing machine; 
FIG. 4 is an exploded perspective view of the 
motor; 

FIG. 5 is a view similar to FIG. 1 , showing the motor 
used in the drum type washing machine of a sec- 
ond embodiment in accordance with the invention; 
FIG. 6 is a perspective view of a reinforcement used 
in the drum type washing machine of a third embod- 
iment in accordance with the invention; 
FIG. 7 Is a view similar to FIG. 1 , showing the motor 
used in the drum type washing machine of a fourth 
embodiment in accordance with the invention; 
FIG. 8 is a view similar to FIG. 2; 
FIG. 9 is a view similar to FIG. 1, showing the motor 
used in the drum type washing machine of a fifth 
embodiment in accordance with the invention; 
FIG. 10 is an enlarged perspective view of a rotor 
connecting member; 

FIG. 11 Is an enlarged perspective view of a shaft 
connecting member; 

FIG. 12A illustrates a power transmission mecha- 
nism in the drum type washing machine with a 
small washing capacity and a small dehydrating 
capacity; 

FIG. 12B Illustrates a power transmission mecha- 
nism in the drum type washing machine with a large 
washing capacity and a large dehydrating capacity; 
FIG. 13A illustrates a power transmission mecha- 
nism in the drum type washing machine in which 
the rotatlona! speed of the rotating tub in the dehy- 
drating operation is set at a low speed; 
FIG. 13B illustrates a power transmission mecha- 



nism in the drum type washing machine in which 
the rotational speed is set at a middle speed; 
FIG. 13C Illustrates a power transmission mecha- 
nism in the drum type washing machine in which 

5 the rotational speed Is set at a high speed; 

FIG. 14 Is a longitudinal section of a conventional 
drum type washing machine with an electric motor 
mounted on a lower part of the water tub; and 
FIG. 15 is a longitudinal section of a conventional 

10 drum type washing machine with a direct drive 
mechanism. 

[0021] A first embodiment of the present invention 
will be described with reference to FIGS. 1 to 4. Refer- 

15 ring first to FIG. 3, a drum type washing machine of the 
first embodiment in accordance with the invention Is 
shown. The shown drum type washing machine has a 
drying function. The washing machine comprises a gen- 
erally rectangular outer cabinet 121 having a front wall 

20 fomned with a central access opening 122 through 
which laundry Is put into and taken out of a rotating tub 
33 which will be described in detail later. A door 124 is 
pivotally mounted on the front wall of the outer cabinet 
121. The outer cabinet 121 has a rear wall with a cen- 

25 trally formed working opening 123. A back panel 125 is 
detachably mounted on the rear wall of the cabinet 121 
by screws (not shown) so as to close the working open- 
ing 123. 

[0022] A cylindrical water tub 26 made of a syn- 
30 thetic resin is enclosed in the outer cabinet 1 21 . The 
water tub 26 is supported on a pair of support plates 27 
{one of them being shown) which are elastlcally sup- 
ported on a plurality of, for example, four suspension 
mechanisms 28 two of which are shown in FIG. 3. The 
35 water tub 26 has a front wall with a central opening 29. 
Bellows 29 are provided for connecting the access 
opening 22 and the opening 29 to each other. The water 
tub 26 has a drain hole (not shown) formed through the 
bottom thereof. A drain valve 31 Is connected to the 
40 drain hole, and a drain hose 32 is connected to the drain 
valve. 

[0023] A drum-shaped rotating tub 33 is rotatably 
mounted in the water tub 26. The rotating tub 33 is 
made of a metal such as a stainless steel and functions 

45 as a wash tub, dehydration tub and drying drum. The 
rotating tub 33 has a generally horizontal axis of rota- 
tion. The rotating tub 33 has a number of small through 
holes 34 through which water and air are caused to flow, 
[0024] A drive mechanism for rotating the rotating 

50 tub 33 will now be described with reference to FIG. 1. 
The water tub 26 has a rear end plate 26a to which a 
generally circular reinforcing plate 35 is secured by a 
plurality of bolts 36 two of which are shown in FIG. 1 . 
The reinforcing plate 35 is made of a metal such as a 

55 stainless steel. The rear end plate 26a and the reinforc- 
ing plate 35 constitute a rear wall of the water tub 26. 
The rotating tub 33 has a rear end plate 33a to which a 
metal drum support 37 is secured by a plurality of bolts 
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38 one of which is shown in FIG. 3. The drum support 
37 has a larger thickness than the rear end plate 33a 
and serves as a reinforcing plate for the rear end plate 
33a as welt as a support for the rotating tub 33. The rear 
end plate 26a of the water tub 26 and the reinforcing 
plate 35 have two centrally formed housing insertion 
holes 39 and 40 respectively. 

[0025] A front end portion of a cylindrical bearing 
housing 41 made of aluminum is inserted into the holes 

39 and 40 in turn. The bearing housing 41 includes an 

outer periphery on which a mounting flange 41a is 
formed integrally. The flange 41a has, for example, four 
bolt insertion holes 41 b (see FIG. 2) through which bolts 
42 are inserted and further screwed into the reinforcing 
plate 35 respectively so that the reinforcing plate 35 is 
fixed to a rear face of the rear end plate 26a of the water 
tub 26. The flange 41a further has, for example, four 
screw holes 41c as shown in FIG. 1 . The bearing hous- 
ing 41 has four radially extending positioning protru- 
sions 61 formed on the rear of the flange 41a of the 
outer circumference thereof as shown in FIG. 2. The 
positioning protrusions 61 assume circumferential posi- 
tions corresponding to the screw holes 41c respectively. 
The protrusions 61 serve as positioners and extend 
rearward from the rear face of the flange 41 a. Each pro- 
trusion 61 has a recessed radial end face 61a. 
[0026] The bearing housing 41 encloses outer and 
inner collars 49 and 50 and two ball bearings 47 and 48 
fitted between the collars as shown in FIG. 1 . A rotating 
tub shaft 43 is rotatably mounted on the ball bearings 47 
and 48. A sealing member 51 is fitted in the housing 
insertion hole 39 of the water tub 26 so as to be located 
at the front end of the bearing housing 41 . This provides 
a watertight sealing between the rear end plate 26a of 
the water tub 26 and the rotating tub shaft 43. The rotat- 
ing tub shaft 43 has a front end secured to the central 
portions of the rear end plate 33a of the rotating tub 33 
and the rotating tub support 37 by a plurality of bolts 44 
one of which is shown in FIG. 2. A cap 45 is mounted by 
a screw 46 on the central rear end plate 33a of the rotat- 
ing tub 33 to cover heads of the bolts 44. 
[0027] A brushless dc motor 52 is provided on the 
rear of the water tub 26. The brushless motor 52 is of 
the outer rotor type in which a rotor is disposed outside 
a stator. The motor 52 includes a stator 54 including a 
statorcore 55 made of a stack of laminated steel sheets 
and a winding 57 wound on bobbins 56 provided on 
teeth 55a protruding outward from an outer circumfer- 
ence of the stator 55, as shown in FIG. 4. The stator 
core 55 has, for example, four protrusions 58 formed 
integrally on the inner circumference thereof and having 
bolt insertion holes 58a respectively. The protrusions 58 
are disposed so as to correspond to the positioning pro- 
trusions 61 respectively. 

[0028] The bolt insertion holes 58a are aligned with 
the screw holes 41c respectively when the stator 54 is 
fixed to the mounting flange 41a of the bearing housing 
41 , as shown in FIGS. 1 and 2. In this state, bolts 59 are 



inserted through the holes 58a and screwed into the 
screw holes 41c, respectively. In this case, the distal 
ends of the protrusions 58 are fitted with the end faces 
61a of the positioning protrusions 61 such that the distal 

5 ends are in abutment with the protrusions, respectively. 
The end faces 61a thus serve as abutment portions of 
the positioning protrusions 61 respectively. Each end 
face 61a has an axial dimension L1 set to be slightly 
larger than an axial dimension L2 of the stator core 55. 

10 A thin insulating plate 60 Is provided between the flange 
41a and the stator core 55. The stator core 55 is located 
substantially in the axial middle of the bearing housing 
41. 

[0029] The rotor 53 is formed into the shape of a 

15 shallow container as shown In FIGS. 1 and 4. The rotor 
53 includes a rotor housing 64 and a number of rotor 
magnets 63 secured on a circumferential ly inside of the 
rotor housing. The rotor housing 64 is formed by an 
insert molding method wherein the rotor housing is 

20 made of a synthetic resin around a metal frame 62 
which also serves as a rotor yoke. The rotor housing 64 
has a central hole 64a formed through Its central rear 
end. A rear end of the rotating tub shaft 43 is fitted in the 
hole 64a. A serration (not shown) engages an inner clr- 

25 cumferential face of the hole 64a and an outer circum- 
ferential face of the shaft 43 therebetween. A washer 
65a is mounted on a portion of the shaft 43 protruding 
reanfl^ard relative to the opening 64a, and a nut 65 Is 
then tightened up onto the portion of the shaft 43. As a 

30 result, the shaft 43 and the rotor 53 are rotated together. 
[0030] A circuit board 67 is mounted on a front por- 
tion of the stator core 55. The circuit board 67 serves as 
a mounting plate as well as serving to carry various 
electrical components or the like, as shown in FIG. 1. A 

35 rotation sensor 66 is mounted on the circuit board 67 for 
detecting rotation of the rotating tub 33. The sensor 66 
comprises one or more Hall IC's, for example, and Is 
disposed opposite the rotor magnets 63. 
[0031] A control device 68 is provided In an upper 

40 front interior of the outer cabinet 121 as shown In FIG. 
3. The control device 68 comprises a microcomputer- 
based circuit and stores a control program for control- 
ling an overall operation of the washing machine. Fur- 
ther, the control device 68 detects an amount of laundry 

45 accommodated in the rotating tub 33, a degree of unbal- 
ance of the laundry based on the results of detection by 
the rotation sensor 66. Additionally, a blower, dehumldi- 
f ier, and dryer such as a heater are provided in the outer 
cabinet 121 although none of them are shown. 

50 [0032] The motor 52 is energized so that the rotor 
53 thereof is rotated. Upon rotation of the rotor 53, the 
rotating tub shaft 43 and the rotating tub 33 are rotated 
therewith. In other words, torque developed by the 
motor 52 is directly transmitted to the shaft 43 and the 

55 tub 33. Consequently, the vibration and noise due to 
drive of the motor 52 can be reduced. Particularly in the 
foregoing embodiment, the positioning protrusions 61 
are provided around the outer circumference of the 
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bearing housing 41 . Accordingly, the stator54 is radially 
positioned when mounted on the flange 41a of the bear- 
ing housing 41. Consequently, the center of rotation of 
the rotor 53 or the center of the shaft 43 and the center 
of the stator 54 can reliably be aligned with each other. 5 
[0033] The laundry sometimes becomes one-sided 
during the dehydrating operation such that the magni- 
tude of a centrifugal force acting on the rotating tub 33 
disperses, whereupon the shaft 43 is slightly displaced. 
Even in such a case, the relative positional relation 10 
between the stator 54 and the shaft 43 remains 
unchanged since the stator 54 is fixed on the bearing 
housing 41. Consequently, disalignment between the 
centers of the stator 54 and the shaft 43 can be pre- 
vented and accordingly, deviation of the air gap between is 
the rotor 53 and the stator 54 can be prevented. 
[0034] In a drum type washing machine with a dry- 
ing function, It is desired that the rotational speed of the 
rotating tub should be increased in the dehydrating 
operation for the purpose of reducing the time required 20 
for the drying operation. The vibration and noise due to 
the disalignment between the center of the stator and 
the center of rotation of the rotor become more conspic- 
uous as the rotational speed of the motor is Increased. 
Accordingly, the above-described construction prevent- 25 
ing the disalignment between the center of the stator 
and the center of rotation of the rotor becomes more 
effective when the rotational speed In the dehydrating 
operation is further increased. 

[0035] The axial dimension LI of the end face 61a 30 
of each positioning protrusion 61 is slightly larger than 
the axial dimension 12 of the stator core 55. Accord- 
ingly, even If the stator 54 Is slightly displaced axially, 
the end faces 61 a of the positioning protrusions 61 abut 
against the protrusions 58 respectively, whereupon the 35 
stator 54 can stably be supported. Consequently, the 
positional relation between the stator 54 and the rotat- 
ing tub shaft 43 can further be prevented from changing. 
Moreover, the bearing housing 41 has the mounting 
flange 41a for fixing the stator 54 and the positioning 40 
protrusions 61 for positioning the stator 54. Conse- 
quently, the disalignment between the center of the sta- 
tor 54 and the shaft center of the rotating tub shaft 43 
can further be prevented as compared with a case 
where the flange 41a and the protrusions 61 are pro- 45 
vided on different members. 

[0036] FIG. 5 illustrates a second embodiment of 
the invention. Only the difference between the first and 
second embodiments will be described. The Identical or 
similar parts in the second embodiment are labeled by 50 
the same reference symbols as those in the first embod- 
iment. In the second embodiment, a reinforcement 70 is 
secured to the rear wall 26a of the water tub 26, instead 
of the reinforcing pfate 35. The reinforcement 70 Is 
made of aluminum by forming an annular reinforcing 55 
plate 71 integrally with the bearing housing 72, for 
example. In this case, a portion of the reinforcing plate 
71 adjacent to the bearing housing 72 has a larger thick- 



ness than the other portion of the reinforcing plate and 
serves as a mounting portion 70a for the stator 54. The 
positioning protrusions 61 are formed on the outer cir- 
cumference of the bearing housing 72 in the rear of the 
mounting portion 70a. More specifically, the rear face of 
the reinforcing plate 71, mounting portion 70a and pro- 
trusions 61 are contiguous to one another. Accordingly, 
the strength of each protrusion 61 can be Increased. 
Furthermore, since the reinforcing plate 71 is fornied 
integrally with the bearing housing 72, the number of 
components can be reduced and accordingly, the 
number of assembling steps can be reduced. 
[0037] The other construction of the drum type 
washing machine of the second embodiment is the 
same as that in the first embodiment As a result, the 
same effect can be achieved from the second embodi- 
ment as from the first embodiment. 
[0038] FIG. 6 illustrates a third embodiment of the 
invention. The third embodiment differs from the second 
embodiment in the construction of the reinforcement 70. 
The reinforcement 70 Includes a reinforcing member 73 
and the bearing housing formed integrally with the rein- 
forcing member. The reinforcing member 73 includes a 
central disc 73a and three arms 74 extending radially 
from the disc. Each arm 74 has a distal end which is to 
be fixed to the water tub 26. Each arm 74 has a mount- 
ing hole 75 formed In a proximal end thereof for the 
mounting of the stator 54. The outer circumference of 
the bearing housing 72 has three positioning protru- 
sions 61 corresponding to the mounting holes 75 
respectively. The stator 54 has three protrusions 58 (not 
shown) formed to correspond to the mounting holes 75 
respectively. When the stator 54 is mounted on the rein- 
forcement 70, the bolt Insertion holes 58a of the protru- 
sions 58 are caused to agree with the mounting holes 
75 respectively, and the bolts 59 are Inserted through 
the insertion holes 58a and screwed into the mounting 
holes 75, respectively. 

[0039] The stator 54 is mounted on the reinforce- 
ment 70 so as to be disposed as shown by two-dot 
chain line in FIG. 6. A portion of the reinforcement 70 
against which the front face of the stator 54 abuts Is flat. 
A portion of each arm 74 located outside the stator 54 
has a thickness gradually reduced toward the distal end. 
The weight of the reinforcement 70 can be reduced 
since the reinforcement 70 Includes the reinforcing 
member 73 having the three arms 74, instead of the 
reinforcing plate 71 . 

[0040] FIGS. 7 and 8 illustrate a fourth embodiment 
of the invention. The difference between the first and 
fourth embodiments will be described. A water tub 100 
is provided in the fourth embodiment, instead of the 
water tub 26. The water tub 1 00 includes a rear end 
plate 100a having reinforcing ribs 76 for reinforcing the 
rear end plate. The reinforcing ribs 76 are formed of a 
synthetic resin Integrally with the bearing housing 77. 
The rear end plate 1 00a and the ribs 76 constitute a 
rear wall of the water tub 1 00. For example, four bosses 
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81 are formed on the rear side of the rear end plate 
100a so as to be located around the bearing housing 
77, The bolts 59 are Inserted through the Insertion holes 
58a of the protrusions 58 and then screwed into the 
bosses 81 , respectively, so that the stator 54 is fixed to 
the rear wall of the water tub 75. 
[0041] For example, four positioners 78 are formed 
integrally on the outer circumference of the bearing 
housing 77. Each positioner 78 includes an abutment 
face 78a and two ribs 79 connecting the abutment face 
78a to the outer circumference of the bearing housing 
77. When the stator 54 is fixed to the rear wall of the 
water tub 75, the abutment faces 78a abut against the 
inner periphery of the stator core 55, whereby the stator 
54 is axially positioned. Furthermore, the bearing hous- 
ing 77 has a bearing case 80 provided on the Inner cir- 
cumference of the bearing housing 77 by an insert 
molding method. The ball bearings 47 and 48 are previ- 
ously press-fitted in the bearing case 80. 
[0042] According to the fourth embodiment, the 
number of assembling steps can further be reduced 
since the number of components is further decreased. 
Moreover, the reinforcing ribs 76 reinforcing the rear 
end piate 1 00a of the water tub 100 is made of the syn- 
thetic resin. Consequently, a further reduction in the 
weight of the water tub 100 can be achieved. 
[0043] FIGS. 9 to 13 illustrate a fifth embodiment of 
the invention. The differences between the first and fifth 
embodiments will be described. The positioning protru- 
sions 61 are eliminated in the fifth embodiment. In this 
case, however, the positions of the bolt insertion holes 
58a and screw holes 41c are precisely set such that the 
stator 54 can be positioned axially. 
[0044] The connecting structure for the rotor 53 and 
the shaft 43 differs from that in the first embodiment. 
More specifically, the rotor housing 64 includes a frame 
62 and a metal connecting member 170 both formed by 
the Insert molding method. The connecting member 
1 70 is disposed on the center of the frame 62. The con- 
necting member 1 70 is formed generally into a cylindri- 
cal shape and has two opposite flat faces 170a formed 
on an Inner circumference thereof, as shown in FIG. 10. 
The rotating tub shaft 43 has a hole 173 formed in the 
rear end thereof as shown in FIG. 9. A generally solid 
cylindrical metal receiving member 172 has a first or 
one tapered end 172c press fitted in the hole 173 as 
shown in FIG. 11. Since the first end 172c is tapered, 
the receiving member 1 72 is easy to be press fitted into 
the hole 173. Further, the receiving member 172 has a 
second or the other end formed with two opposite flat 
faces 1 72a. A male screw portion 1 72b is formed on a 
portion of the receiving member 1 72 other than the flat 
faces 1 72a. 

[0045] The connection between the rotor 53 and 
rotating tub shaft 43 will now be described. The con- 
necting member 1 70 is fitted with the receiving member 
1 72 so that the flat faces 1 72a are mated with the flat 
faces 170a respectively. A nut 175 is tightened up 



together with a washer 1 74 onto the male screw portion 
172 projecting in the rear of the connecting member 
1 70, whereupon the rotor 53 is connected to the rotating 
tub shaft 43. The connecting member 1 70 and receiving 

5 member 172 serve as connectors respectively. Particu- 
larly the connecting member 1 70 serves as a rotor con- 
necting member and the receiving member 172 serves 
as a shaft connecting member. 
[0046] Referring to FIGS. 1 2A to 1 30, the construc- 

10 tion of the power transmission mechanism between the 
motor 52 and the rotating tub 33 will be altered in the fol- 
lowing manner. The transmission mechanism includes 
the connecting member 170, receiving member 172 and 
rotating tub shaft 43 and is changed according to a 

15 washing/dehydrating capacity or a rotational speed In 
the dehydrating operation. FIG. 12A illustrates a power 
transmission mechanism in a drum type washing 
machine with a small washing/dehydrating capacity. 
FIG. 12B Illustrates a power transmission mechanism in 

20 a drum type washing machine with a large wash- 
ing/dehydrating capacity. It is assumed that these drum 
type washing machines are set at the same rotational 
speed in the dehydrating operation. Accordingly, outer 
diameters of the rotating tub shafts 43 of the machines 

25 are set at d1 . 

[0047] As shown in FIGS. 12A and 12B, the 
machines differ from each other in the construction of 
the connecting member 1 70 and receiving member 1 72. 
More specifically, the washing machine of the large 

30 capacity has larger flat faces 1 70a and 1 72a of the con- 
necting and receiving members 170 and 172 than that 
of the small capacity. The reason for this is that since 
the washing machine of the large capacity requires a 
larger drive torque than that of the small capacity, a por- 

35 tion of the power transmission mechanism between the 
rotor 53 and the shaft 43 needs to be rendered large. 
[0048] In the embodiment, the inner diameter of the 
connecting member 1 70 is changed so that the size of 
the flat face 170a Is changed. In the two types of wash- 

40 ing machines, the connecting members 170 are set at 
the same outer diameter. Further, the outer diameter of 
the other end of the receiving member 172 is changed 
so that the size of the flat face 172a is changed, in the 
two types of washing machines, the receiving members 

45 1 72 are set at the same outer diameter of said one ends 
thereof. Accordingly, when the construction of the power 
transmission mechanism is changed according to the 
washing/dehydrating capacity, the connecting member 
170 and the receiving member 172 may be changed so 

50 as to have the flat faces 1 70a and 1 72a having different 
sizes. Thus, the construction of the shaft 43 and the 
construction of the rotor housing 64 other than the con- 
necting member 1 70 need not be changed. 
[0049] FIG. 13A illustrates a power transmission 

55 mechanism in the drum type washing machine in which 
the rotational speed of the rotating tub in the dehydrat- 
ing operation is set at a low speed. FIG. 13B illustrates 
a power transmission mechanism in the drum type 
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washing machine in which the rotational speed (1000 
rpm or above, for example) is set at a middle speed. 
FIG. 13C illustrates a power transmission mechanism in 
the drum type washing machine In which the rotational 
speed Is set at a high speed. The washing machines are 
set at the same washing/dehydrating capacity Irrespec- 
tive of rotational speeds. 

[0050] As shown in FIGS. ISA to 13C, when d3, d4 
and d5 designate outer diameters of the washing 
machines of the low, intermediate and high speed types 
respectively, d3<d4<d5. The reason for this relation is 
that the washing machine of the higher rotational speed 
type needs to have a larger outer diameter than that of 
the lower rotational speed type in order that the strength 
of the shaft 43 may be increased. Further, In a case 
where the washing/dehydrating capacity is small, a 
drive torque required in the dehydrating operation is 
smaller than a drive torque required In the washing 
operation in each of the washing machines of the low 
and intermediate speed types. Accordingly, the sizes of 
the flat faces 170a and 172a are set according to the 
drive torque required in the washing operation in each 
of these types of washing machines. Thus, as shown In 
FIGS. 13A and 13b, the washing machines of the low 
and intermediate speed types are provided with the 
same connecting member 170 and receiving member 
172. 

[0051] On the other hand. In a case where the 
washing/dehydrating capacity is small, a drive torque 
required in the dehydrating operation is larger than a 
drive torque required In the washing operation in the 
washing machine of the high speed type. Accordingly, 
the sizes of the flat faces 1 70a and 1 72a are set accord- 
ing to the drive torque required in the dehydrating oper- 
ation in the washing machine of the high speed type. 
Thus, as shown in FIG. 13C, the washing machine of 
the high speed type Is provided with larger flat faces 
170a and 172a than those of the washing machines of 
the low and intermediate speed types. In this case, too, 
the inner diameter of the connecting member 170 is 
changed so that the size of the flat face 170a is 
changed. The outer diameter of the connecting member 
170 Is unchanged. Further, the outer diameter of the 
second end of the receiving member 1 72 is changed so 
that the size of the flat face 1 72a is changed. The outer 
diameter of the first end of the receiving member 1 72 is 
unchanged. 

[0052] Accordingly, only the rotating tub shaft 43 is 
changed to one with a larger outer diameter when the 
washing machine is changed from the low speed type to 
the intermediate speed type. When the washing 
machine Is changed from the low or intermediate speed 
type to the high speed type, the rotating tub shaft 43 is 
changed to one with a larger outer diameter and the 
connecting and receiving members 170 and 172 are 
changed to ones with larger flat faces 170a and 172a 
respectively When the washing/dehydrating capacity or 
the rotational speed in the dehydrating operation Is 



changed, the motor is changed to one which can 
develop a required torque. An electric motor developing 
a larger torque may be used so as to cope with a wash- 
ing machine of large capacity type or high speed type. 

5 [0053] According to the fifth embodiment, the shaft 
43 is connected via the connecting member 1 70 and the 
receiving member 172 to the rotor 53. When the con- 
struction of the power transmission mechanism Is 
changed according to the washing/dehydrating capacity 

10 or the rotational speed in the dehydrating operation, 
one, two or all of the shaft 43, connecting member 170 
and receiving member 172 are replaced. This manner 
clearly differs from the case where the construction of 
the power transmission mechanism is changed by cut- 

15 ting. Consequently, the construction of the power trans- 
mission mechanism can easily be changed. Further, the 
change in the construction of the power transmission 
mechanism does not result In disalignment between the 
center of rotation of the rotor 53 and the center of the 

20 stator 64. The connecting member 170 and the receiv- 
ing member 172 constitute a center aligning structure. 
[0054] The connecting member 170 is integrated 
with the rotor 53 by the insert molding in the embodi- 
ment. Further, the receiving member 172 is press-fitted 

25 in the hole 173 of the shaft 43. Accordingly, even when 
the rotor 53 and shaft 43 are connected by the connect- 
ing and receiving members 170 and 172 which are dis- 
crete from them, the strength of each connected portion 
can be prevented from being reduced. 

30 [0055] The axial dimension LI of each end face 61 a 
may be set to be equal to the axial dimension L2 of the 
protrusion 58 of the stator 64. Further, the motor 52 may 
be of the inner rotor type in which the rotor 53 is located 
Inside the stator 54. The rotating tub 33 may be 

35 mounted obliquely The drying function may or may not 
be provided. 

[0056] The fifth embodiment may be combined with 
each one of the first to fourth embodiments. More spe- 
cifically, the center aligning structure may comprise the 

40 positioner and the connecting member. Further, the 
connecting member may comprise only the connecting 
member 170 or only the receiving member 172. The 
rotor 53 and shaft 43 may be connected by a connecting 
member formed by integrating the connecting and 

45 receiving members 1 70 and 1 72. The receiving member 
1 72 may be screwed to the shaft 43. 
[0057] The foregoing description and drawings are 
merely illustrative of the principles of the present Inven- 
tion and are not to be construed in a limiting sense. Var- 

50 lous changes and modifications will become apparent to 
those of ordinary skill In the art. All such changes and 
modifications are seen to fall within the scope of the 
Invention as defined by the appended claims. 

55 Claims 

1 . A drum type washing machine which comprises an 
outer cabinet (121), a water tub (26) mounted in the 



8 



15 



EP 1 055 765 A1 



16 



outer cabinet (121) and having a rear end plate 
(26a), a generally drum-shaped rotating tub (33) 
rotatably mounted in the water tub (26) and having 
a rear wall (33a), a rotating tub shaft (43) provided 
on a center of the rear wall (33a) of the rotating tub 5 
(33) and having a rear end projecting rearward to 
be located In the rear of the rear end plate (26a) of 
the water tub (26), and an electric motor (52) pro- 
vided for rotating the rotating tub (33) via the rotat- 
ing tub shaft (43), the motor (52) including a stator 70 
(54) provided on the rear end plate (26a) of the 
water tub (26) and a rotor (53) connected to the rear 
end of the rotating tub shaft (43), characterized by 
an aligning structure for aligning a center of rotation 
of the rotor (53) and a center of the stator (54). 75 

2. The drum type washing machine according to claim 

1, further characterized by a bearing housing (41) 
provided on the rear end plate (26a) of the water 

tub (26) and having an bearing element (47, 48) 20 
supporting the rotating tub shaft (43) so that the 
rotating tub shaft (43) is rotatable, and character- 
ized in that the aligning structure includes a posi- 
tioner (61) formed integrally on an outer periphery 
of the bearing housing (41 ) for radially positioning 25 
the stator (54). 

3. The drum type washing machine according to claim 

2, characterized in that the positioner (61) includes 

an abutting portion (61a) abutting against the stator 30 
(54) radially outward, and the abutting portion (61a) 
has an axial dimension equal to or larger than an 
axial dimension of the stator (54). 

4. The drum type washing machine according to claim 35 
2, characterized in that the stator (54) is fixed to the 
bearing housing (41). 

5. The drum type washing machine according to claim 

2, wherein the motor (52) is of an outer rotor type, 40 
the stator (54) has such a generally annular shape 
as to surround the bearing housing (41), the stator 
(54) having an inner circumferential face formed 
with an inwardly extending protrusion (58), and the 
positioner (61) is constructed so as to abut against 45 
the protrusion (58). 

6. The drum type washing machine according to claim 

2, characterized in that the motor (52) is of an outer 
rotor type, the stator (54) has such a generally so 
annular shape as to surround the bearing housing 
(41), the stator (54) having an inner circumferential 
face, and the positioner (61) is fonned into such a 
generally convex shape as to outwardly extend 
such that the positioner (61 ) abuts against the inner 55 
circumferential face of the stator (54). 

7. The drum type washing machine according to claim 



2, further characterized by a reinforcement (35) for 
reinforcing the rear end plate (26a) of the water tub 
(26), and characterized in that the bearing housing 
(41) is formed integrally with the reinforcement (35) 
and the positioner (61) is disposed on the outer 
periphery of the bearing housing (41) so as to align 
with the reinforcement (35). 

8. The drum type washing machine according to claim 
2, further characterized by a reinforcement (35) for 
reinforcing the rear end plate (26a) of the water tub 
(26), and characterized In that the bearing housing 
(41) is formed integrally with the reinforcement (35) 
and the stator (54) is fixed to the reinforcement (35). 

9. The drum type washing machine according to claim 
2, characterized in that the water tub (26) includes 
a reinforcement (35) provided on a rear side of the 
rear end plate (26a) for reinforcing the rear end 
plate (26a), and the rear end plate {26a), the rein- 
forcement (35) and the bearing housing (41) are 
formed integrally from a synthetic resin. 

10. The drum type washing machine according to claim 
1, further characterized by a bearing housing (41) 
provided on the rear end plate (26a) of the water 
tub (26) and having an bearing element (47, 48) 
supporting the rotating tub shaft (43) so that the 
rotating tub shaft (43) is rotatable, and character- 
ized in that the aligning structure includes a posi- 
tioner (61) formed Integrally on an outer periphery 
of the bearing housing (41) for radially positioning 
the stator (54) and the water tub (26) includes a 
reinforcement (35) provided on a rear side of the 
rear end plate (26a) for reinforcing the rear end 
plate (26a). 

1 1 . The drum type washing machine according to claim 

I, characterized in that the aligning structure 
includes a connecting member (170, 172) connect- 
ing the rotor (53) and the rotating tub shaft (43) to 
each other. 

12. The drum type washing machine according to claim 

II, characterized in that the connecting member 
(170, 172) Includes a rotor connecting member 
(1 70) mounted to the rotor (53) and a shaft connect- 
ing member (172) mounted to the rotating tub shaft 
(43). 

13. The drum type washing machine according to claim 
12, characterized in that the rotor connecting mem- 
ber (170) is fonned on the rotor (53) by an Insert 
molding. 

14. The drum type washing machine according to claim 
12, characterized in that the shaft connecting mem- 
ber (1 72) Is press fitted in the rotating tub shaft (43). 
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